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ABSTRACT
Ascochyta blight (AB) caused by Ascochyta rabiei L. is a
devastating disease of chickpea world-wide. Resistant
germplasm has been identified and an F2 mapping population
of chickpea cultivars with contrasting disease reactions to
Ascochyta rabiei L. was used to identify the markers linked to
the disease using STMS and ICCM markers. STMS markers
showed 40% polymorphism between the parents. Bulked
segregant analysis (BSA) was performed to identify markers
linked to the AB resistance gene. Of the 252 markers, only 10
were found to be possibly linked.  MAPMAKER version 3.0
gave the linkage map of LG5 region of the chickpea genome
spanning a length of 275.2 cM.  The AB resistance gene was
present on LG5 flanked by the markers TA 42 and TR 35, with
a distance of 45.0 cM and 38.6 cM, respectively. It was concluded
that there was synteny in the linkage groups 1, 3, 5 and 7.
Key words: Ascochyta rabiei, BSA, Chickpea, ICCM markers,
STMS markers
Chickpea (Cicer arietinum L.) is a self-pollinated diploid
annual, with 2n=16 and genome size of approximately 750 Mbp
(Arumuganathan and Earle 1991). It is the third most important
grain legume crop in the world. It is grown in the Indian
sub-continent, West Asia, North Africa (WANA), the
Mediterranean basin, the Americas and Australia (Croser et
al. 2003). However, the vulnerability of this crop to biotic
stresses (Ascochyta blight, Fusarium wilt, nematodes and
pests) and abiotic stresses (drought and cold) severely
reduces the yield.  Ascochyta blight, caused by Ascochyta
rabiei L. [Pass] Labr., is a wide-spread foliar disease that
causes extensive crop losses in most regions of the world
where the crop is commonly grown. This is due to the fact
that environmental conditions favourable to chickpea crop
(>350 mm annual rainfall, 23-25° C) also favour the disease.
Therefore, controlling this disease is essential to ensure stable
chickpea production. Conventional breeding methods are
underway but efforts to breed for resistance has not proved
much fruitful. Molecular marker technology has made it
possible to identify markers linked to resistance gene/s for
ascochyta blight. However, Kusmenoglu et al. (1992) and
Udupa and Baum (2003) found that low polymorphism in the
cultivated chickpea limit the tagging of resistance genes for
either ascochyta blight or fusarium wilt. Huttel et al. (1999)
and Udupa et al. (1999) reported that the microsatellite based
marker systems as sequence tagged microsatellite sites
(STMS) markers which are polymorphic due to variable number
of repeat motifs have proved that microsatellites were
abundant in the chickpea genome and could efficiently be
used for detecting the genetic variation within the cultivated
chickpea. In the present study, efforts were made to map the
ascochyta blight resistance gene using STMS markers
developed by Udupa et al. (1999) and Winter et al. (1999) and
a set of ICCM chickpea markers developed at ICRISAT, in an
intraspecific cross of chickpea and also to study the colinearity
between the linkage groups.
MATERIALS AND METHODS
Mapping Population: The study employed 250 F2 plants of
chickpea derived from an intraspecific cross ‘GL 769’ × ‘GL
90168’. These two parents ‘GL 769’ and ‘GL 90168’ are
imparting susceptible and resistant reaction, respectively to
ascochyta blight. The F2 mapping population along with two
parents was sown in ascochyta blight screening nursery in
the year 2006-07 at Punjab Agricultural University Research
Farm, Ludhiana.
Phenotypic screening for ascochyta blight resistance: The
phenotypic screening of F2 population for ascochyta blight
resistance was done using cut twig screening technique as
per Sharma et al. (1995). The resistant and susceptible
individuals were identified to find out the genetics of
ascochyta blight resistance. The individual 250 F2 plants were
tagged using Zeol tag. The tender shoots of parents and
individual F2 plants were cut with the help of scissor. Individual
shoot was wrapped with moist cotton swab at the base and
then transferred into test tube (15x100 mm) containing fresh
water. The tubes were placed in test tube stands. Twigs were
inoculated by spraying spore suspension (1x105/ml) of isolate
2 of Ascochyta rabiei and covered with moist dasuti cloth
chambers. After 48 h, cloth chambers were removed and the
plants were kept wet by spraying water daily up to 13 days
from 10.00 – 16.00 h.  After 13 days of inoculation, the severity
of disease was recorded on 1-9 disease scale in order to perform
phenotyping of the F2 population. The plants scoring disease
rating up to 5 were considered resistant, while >5-9 were rated
susceptible. Chi-square analysis was applied to test the
goodness of fit to find out the appropriate genetic ratio.
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Plant DNA extraction and genotyping using PCR: DNA was
extracted following CTAB (Cetyl Tri-methyl Ammonium
Bromide) protocol suggested by Saghai Maroof et al. (1984)
modified  in the DNA extraction laboratory, School of
Agricultural Biotechnology, Punjab Agricultural University,
Ludhiana. Polymerase chain reaction (PCR) was used for DNA
amplification. Reaction mixture of 5 µl volume was prepared
from the following components for one reaction: Milliq H2O –
1.55 µl, Buffer 10X – 0.5 µl, Mgcl2 10 mM - 1µl, Primer 5pmoles/
µl –0.5µl, DNTPs 2mM –0.25µl, Taq polymerase (Bioline Inc.)
0.5U/µl – 0.2µl, DNA 5ng/µl –1 µl. The marker amplifications
were performed in ABI thermal cycler using a touchdown
amplification profile. For Winter et al series primers, the
amplification cycles were: initial denaturation of 3.00 min at
95°C followed by 5 cycles of denaturation for 20s (sec) at
94°C, touchdown from 65°C to 60°C (59°C) with 0.5°C decrease
in each cycle followed by extension at 72°C for 30s. The next
30 cycles were, denaturation at 94°C for 20s, annealing at
59°C for 50s and extension at 72°C for 30s followed by final
extension of 20 min at 72°C and then hold at 4°C. Majority of
the Winter et al series primers were amplified at 65-60°C touch
down profile. Very few were amplified at 55-45°C and 60-55°C.
The ICCM primers were amplified at TD PAGE Bioline (61-
54°C) with PCR profile: initial denaturation of 3.00 min at 94°C
followed by 10 cycles of denaturation for 15s at 94°C,
touchdown from 61°C to 54°C (59°C) with 0.5°C decrease in
each cycle followed by extension at 72°C for 30s. The next 35
cycles were, denaturation at 94°C for 10 s, annealing at 54°C
for 20 s and extension at 72°C for 30 s followed by final
extension of 20 min at 72°C and then hold at 4°C. 6%
p lyacrylamide gels were used for separation and visualization
of PCR amplified microsatellite products. The components of
PAGE gel were: Dist.H2O – 52.5 ml, 10x TBE – 7.5ml, Acryl-
bisacrylamide -15ml, 10 per cent APS (ammonium per sulphate)
– 400-450 µl, TEMED (N, N, N’N’-tetramethylethylened-
iamine)—90-100 µl.
 Parental polymorphism was carried out using STMS
markers developed by Udupa et al. (1999) and Winter et al.
(1999) and a set of ICCM markers (Spurthy et al.2010). Total
252 markers were screened on parents. Two types of markers
viz., labeled with fluorescent dyes and unlabeled primers were
used in the present study. The forward primers of the labeled
markers had been labeled with different dyes (PET- Red colour,
NED- Yellow colour, FAM-Blue colour, VIC- Green colour) at
5’ end so as to screen them on capillary electrophoresis with
the use of these fluorescent dyes. Genotyping of unlabelled
primers was done on 6% PAGE gels. The labeled PCR product
of 1ml was mixed with 7µl of HIDIFORMAMIDE (PE- Applied
Biosystems, California), (maintains stability of DNA) and 0.25µl
of LIZ 500 (PE- Applied Biosystems, California), (which is a
size standard for determining allele size) and the total volume
was made to 10µl with distilled water. DNA framgents were
denatured at 94°C for 4 min and size fractioned using capillary
electrophoresis on an ABI-3130xl automatic genetic analyzer
(PE- Applied Biosystems, California). The electrophoretic data
were exported to the GeneScan 3.7 software (PE- Applied
Biosystems, California) to allot the size peak patterns, using
the internal LIZ-500 size standard and Genotyper 3.7 (PE-
Applied Biosystems, California) for allele sizing. The unlabeled
primers were resolved on 6% PAGE gel for better separation
and visualization of PCR amplified microsatellite products.
Bulked segregant analysis (BSA) and selective genotyping:
BSA was performed essentially as defined by Michelmore et
al. (1991). Equal amount of DNA from 10 resistant and 10
susceptible plants were bulked. The individuals having the
disease score of 1 in the phenotypic screening of the disease
by the cut twig method were considered as resistant and 10
plants of this score were pooled to constitute the resistant
bulk. Similarly, the individuals with the disease score of 9
were considered as susceptible and 10 plants of this score
were pooled to constitute the susceptible bulk and the DNA
concentration was normalized to 5ng/l.
Primers giving rise to polymorphic bands between the
bulks were further tested for possible linkage to resistance
locus by selective genotyping of 10 resistant and 10
susceptible F2 plants. Here, the marker analysis was performed
on 5 ng DNA of each individual F2 plant and two parents.
Bands present in all individuals of one group but absent in all
individuals of other group were assumed to be linked to one
or other resistance locus, and the respective primers were
tested on the whole population.
Linkage analysis: MAPMAKER version 3.0 was used to
generate the linkage map of the region and identifying markers
linked to Ascochyta blight resistance. Maximum LOD score
3.0 and recombination fraction 50 were used for identifying
linkage groups. MAPCHART version 2.1 developed by
Voorripps (2002) was used for the graphical presentation of
the linkage groups.
RESULTS AND DISCUSSION
Screening for disease resistance: Phenotypic screening
revealed the parent ‘GL 769’ had 9 score whereas the resistant
parent ‘GL 90168’ had disease score of 2 and was found to be
truly resistant to ascochyta blight under artificially created
epiphytotic conditions. The F1 plants of this cross were also
resistant. The F2 population evinced the digenic control of
resistance as evident from 13R: 3S (2 = 0.240) genetic ratio.
Thus, resistance was found to be dominant with one dominant
and one recessive gene control. The digenic control of
resistance to ascochyta blight was also  reported by
Kusmenoglu (1990), Mahendra Pal et al. (1999) and Santra et
al. (2000).
Parental polymorphism survey: Of the total 252 chickpea
markers screened, 100 were found polymorphic among the
parents. The size of the amplified products ranged from 0.1-
0.7 Kb with most of the markers falling in the range of 0.2-0.4
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Kb. The polymorphic amplification products were designated
according to their size (base pairs). Approximately 40% of the
polymorphism was found in the present  study. 40%
intraspecific polymorphism using microsatellites was also
reported by Winter et al. (1999) and Lichtenzveig et al. (2005).
However, high levels of intraspecific polymorphism (66%)
using STMS markers was reported Sethy et al. (2006) which
attributed to the preferential isolation of the GA/CT repeat
motifs, that have been reported to be highly polymorphic in
other plant systems like rice, bean, tomato and pea-nut by
Cho et al. (2000), Gaitan Solis et al. (2002) and He et al. (2003).
But the same STMS markers generated 77% interspecific
polymorphism in a cross between chickpea and C. reticulatum
as reported by Sethy et al. (2006).
Bulked Segregant Analysis (BSA): By definition, if a resistant
allele (R) was tightly linked to a given STMS band, then that
band would be present in parents (RR × rr). When gel was run
in which resistant and susceptible (S) phenotypes, segregating
in a cross between resistant and susceptible homozygous were
grouped separately, then any band that was present in all
resistant progeny, but absent in all susceptible progeny, must
therefore be linked in coupling phase with resistance. Using
each of the 100 polymorphic markers, BSA was carried out on
F2 individuals of two pooled DNA samples representing two
extremes of distribution. Out of the 100 polymorphic markers,
82 primers showed band in both the resistant and susceptible
bulks, indicating that these were not linked to the gene of
interest. 17 markers showed exact banding pattern among
resistant and susceptible bulks.  These seventeen markers
viz., TAASH, TA 103II, TA 200, TA 71, TA 106, TA 125, TA 64,
TA 42, TA 78, TA 80, TR 8, CaSTMS 9, TA 180, TR 26, TR 35,
TS 17 x and TA110 showed the exact genetic ratio for probable
linkage on the bulks. The 17 markers giving rise to polymorphic
bands between the bulks were further tested for possible
linkage to the resistance locus by selective genotyping of 10
resistant and 10 susceptible F2 individuals, to find out the
markers segregating in the same genetic ratio as the
phenotypic ratio. From these 17 markers, only 10 markers viz.,
TR 35, TA 71, TA110, TA 125, TA 42, TA 78, TR 8, TA 200, TR
26 and TA 106 showed the probability of linkage. Then these
10 markers were applied to the population to find out the
markers showing the linkage pattern. BSA was also applied
by Rakshit et al. (2003) to identify DAF markers linked to the
locus contributing resistance to Ascochyta rabiei in chickpea
and found that three out of five markers were polymorphic
between the bulks, parents and also in selective genotyping
were linked to the resistance locus.
Marker segregation: Ten STMS markers were tested on the
F2 population to find out the linked marker to AB resistance
gene. The markers TA110, TA 125, TA 78, TA 200, TR 26 and
TA 106 segregated in the expected 3R: 1S F2 Mendelian ratio
and the markers TA 71, TA 42 and TR 8 segregated in 13R: 3S
ratio, whereas the marker TR 35 showed segregation distortion.
Some markers in chickpea intraspecific cross that showed
segregation distortion were also reported by Flandez-Galvez
et al. (2003). Distorted marker segregation is the systematic
deviation from an equal representation of alleles among the
functional gametes involving all the chromosomes and could
be caused by selection processes at the gamete or zygote
stage or/ and post zygotic selection as reported by Gadish
and Zamir (1987), Zamir and Tadmor (1986) and Lyttle (1991)
or due to uneven recombinat ion of homeo logous
chromosomes which results in the biased estimation of linkage
marker distance. The marker that showed skewed segregation
in the present study was in favour of the resistant parent; it
therefore appeared that the site of crossing over for that marker
was higher on the male side. Thus, marker segregation
distortion is a general phenomenon and is observed in the
segregating generations of the inter or intraspecific crosses.
Linkage Analysis:  Linkage analysis was carried out using
MAPMAKER version 3.0 for determining the linkage between
the gene and the marker and for establishing tentative location
of the ascochyta blight resistance gene. The markers were
screened on F2 plants and their blight resistance gene was
confirmed by working out the recombination distance in
centimorgan (cM). The ascochyta blight resistance data was
converted to parents 1(A, susceptible), 2 (B, resistant) and
heterozygous (H) alleles and computed with the marker data
for determining the distance between the ascochyta resistance
gene and the marker. The seven markers (TA 200, TA 110, TA
125, TA 71, TA 42, TR 35 and TA 78) grouped in one linkage
group with the gene of interest and three markers (TR 8, TR 26
and TA 106) were found unlinked (Fig 1) using maximum LOD
score 3.0 and recombination fraction of 0.5. MAPCHART
version 2.1 developed by Voorripps (2002) was used to
construct the linkage map of LG 5, spanning a total length of
275.2 cM. The AB resistance gene was found to be associated
with two flanking markers TA 42 and TR 35, with a distance of
45.0 cM and 38.6 cM, respectively. The region of AB resistance
gene has been identified on LG 5. It is also evident from the
results that only one gene was flanked by the markers and we
were not able to define the second gene. The possibility could
be none of the polymorphisms detected in the present study
were actually linked to the other gene and that might be the
minor gene for resistance. Same findings were also encountered
in a study by Rakshit et al. (2003).  Some of the markers
belonging to the different linkage groups in earlier studies by
Winter et al. (1999),  Winter et al. (2000), Udupa and Baum
(2003) and Flandez-Galvez et al. (2003), were clubbed into
single group in the present study. The marker STMS marker
TA 200  has been mapped on LG I  in a study by Flandez-
Galvez et al. (2003),  TA 125 has been mapped LG 3 Flandez-
Galvez et al. (2003)  and on LG I by Winter et al. (1999).
Similarly, marker TA 110 has been mapped on LG 2 by Udupa
and Baum (2003) and Winter et al. (2000) but the same was
also mapped on LG 7 by Winter et al. (1999). The markers TA
71 and TA 42 have come from the same linkage group i.e LG 5
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by Udupa and Baum (2003).  However, the marker TA71 was
also reported to be present on LG 3 and LG 5, respectively by
Winter et al. (1999) and Winter et al. (2000).  The marker TR 35
has not been reported to be present on any linkage group, so,
we have assigned this to LG 5. STMS marker TA 78 had been
shown to be present on LG7 by Flandez-Galvez et al. (2003)
and on LG 5 by Winter et al. (1999). This shows that there was
reasonable synteny present between the linkage groups. The
synteny between the LG 1 and LG 3; LG 3 and LG 4; LG 6 and
LG 5 has been reported earlier by Flandez-Galvez et al. (2003).
In the present study, the markers TA 200, TA 110 and TA 125
have been clubbed into markers of LG 5. The positions of the
markers described in earlier studies showed that there is
possibility of shuffling of the markers due to homology
between the linkage groups.
Since TA 200 was found on LG I and TA125 was found
on LG I and LG 3 (in two different studies) whereas TA 78 was
reported on LG 5 and LG 3 (mentioned earlier). So, it is
concluded that there was synteny in the linkage groups 1, 3,
5 and 7. Also in the present investigation, the length of LG 5
was found to be 275.2 cM whereas it was reported 68.1 cM  by
Winter et al. (1999) , 44.2 cM by Flandez-Galvez et al. (2003)
and 39 .5 cM by Udupa and Baum (2003). These
inconsistencies e.g. a few tightly linked markers changed
places relative to the other marker may derive from differences
in the recombination frequencies in distinct genomic regions
between the two populations. These are visible as large
differences in map distances between distantly related
markers. Similar observations of variable distances between
the markers in different segregating chickpea population were
already reported by Kazan et al. (1993) and Simon and
Muehlbauer (1999). These discrepancies can be explained in
that recombination frequencies for specific region may change
from one F1 to another even in the population derived from
crosses of the same parental lines (Rakshit et al. 2003).
Most of the genetic studies reported earlier were based
on inter-specific crosses and have the disadvantage of
identifying loci that may be polymorphic only between the
more divergent genotypes but not between the more closely
related genotypes. Such maps thus have little direct
applications in breeding programmes that exploit intraspecific
variation within the cultivated forms since they may not
represent the true recombination distance map order of the
cultivated genome. A genetic linkage map constructed from a
cross within the cultivated gene pool especially in the frame
work of targeting traits of breeding interest, would therefore
be more desirable.
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